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Electronics OverviewElectronics OverviewElectronics Overview

Electronics
• System Overview
• Packaging
• Power
• Backplane
• Readout Module (RM)
• ASICs
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PackagingPackagingPackaging

HB, HE, and HO will be packed in custom 
Readout BoXes (RBX)

HF will be packed in standard Eurocard Crates

Crates Provide
• Power 
• Cooling
• Clock distribution
• Slow Controls Communication
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HB RBXHB RBXHB RBX

12.323 [313.00]

37.992 [965.00]

LOW 
VOLTAGE 

AND 
PIPING 
AREA

H IGH  
VO LTAGE
MODULE

4.173 [106.00]

CALIBRATION
MODULE

CCM
MODULE

TOP VIEW

FRONT VIEW HB RBX COMPOSITE ASSEMBLY DRAWING

R. FOLTZ,  FERMI LAB
J. MARCHANT, UNIV. OF NOTRE DAME
AS OF 23  FEBRUARY  2001  9 AM CST

COOLING WATER
IN & OUT

19-CHANNEL
RM-1

19-CHANNEL
RM-2

73-CHANNEL
RM

19-CHANNEL
RM-3

19-CHANNEL
RM-4

CHUNC

36 HB RBXs 4968 Channels
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HB RBX AssemblyHB RBX AssemblyHB RBX Assembly

Full RBX with 
19 ch RMs

RBX Interior -- HV 
distributor and
backplane
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Cooling Routing on RBX 
enclosure outer surface
Cooling Routing on RBX Cooling Routing on RBX 
enclosure outer surfaceenclosure outer surface
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HB RBX Module Routing 
Channels

HB RBX Module Routing HB RBX Module Routing 
ChannelsChannels
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HE RBX (r,z) viewHE RBX (r,z) viewHE RBX (r,z) view

Thermal
Insulator

36 HE RBXs 3672 Channels
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HO RBX ConceptHO RBX ConceptHO RBX Concept

Front part of box Rear Part of   box
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HO RBX Mechanical Sketch
36 HO RBXs 3744 Channels
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2484 Channels (includes “ECAL” & “TC”)

1242 Channels per end

310 ½  Channels per quadrant
(4 crates on each end)

51 3/4 Readout cards per crate
(6 QIE per card)

311

311

310

310

⇒ need 52 Readout                 
cards per crate

( ) ( )344355311 ×+×=

( ) ( )345354310 ×+×=

HF Channel CountHF Channel CountHF Channel Count
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External coax cabling 
from PMT input to 
readout card (36 total)

Multisignal microcoax
connector

HF 9U Packaging 
Proposal

HF 9U Packaging HF 9U Packaging 
ProposalProposal
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HF 3U Packaging 
Proposal

HF 3U Packaging HF 3U Packaging 
ProposalProposal

Produce Readout Cards in 3U Format
Use Commercial 3U Crate
Produce Custom Backplane (similar to HB, HE and HO)

• 18 slots for Readout Cards (108 channels)
• 3 slots for Clock and Control Modules
=>3 3U crates per quadrant per end

RBX CARD FORMAT

6.299
(160.000)

3.937
(100.00)

0.217
(5.500)

0.109
(2.760)

Readout Module Dimensions
3U Eurocard Format
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Power ConsumptionPower ConsumptionPower Consumption
Power Consumption

HB – 298 W HE – 205 W HO+/- – 135 W   HO-0 – 189 W             
23A@6.5V 17A@6.5V           10A@6.5V 16A@6.5V
33A@4.5V 21A@4.5V           15A@4.5V                21A@4.5V

CURRENT and POWER at BOARD LEVEL

FE BoardsQTY/BRD POWER CONSUPTION IDLING CURRENT TOTAL
VOLTAGE 5 5 2.5 3.3 5 5 2.5 3.3

Chips
QIE 6 0.2 0.4
CCA 3 0.3
Serializer 3 0.5

LV regulators 3 0.025 0.025 0.025

Current / Board 0.265 0.505 0.897727
Total Power / Board 9.044773

Calibration  Module (There are two boards per module)
VOLTAGE 5 5 2.5 3.3 5 5 2.5 3.3

Chips
QIE 3 0.2 0.4
CCA 3 0.3
Serializer 2 0.5

LV regulators 3 0.025 0.025 0.025

Current / Module 0.145 0.265 0.697727
Total Power / Module 5.804773

CCM
VOLTAGE 3.3

Chips 5
LV regulators

Current / Board 1.515152
Total Power / Board 6.818182



CMS Electronics Week – May 18, 2001 Electronics    15

H

C

A

L

T. Shaw

HB Backplane FunctionHBHB BackplaneBackplane FunctionFunction

Backplane
• ~87 CM LONG
• Provides Power
• Distributes 40 MHz Clock (3 load max)
• Provides path for RBXbus (serial 

communication bus)
• Temperature feedback  
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Backplane Low Voltage Power 
Connector

Backplane Backplane Low Voltage Power Low Voltage Power 
ConnectorConnector

Product Facts

"Inverse-sex" design meets IEC 950 safety requirements 
Current rated at 7.8 amperes per contact, 23.5 amperes per module, fully 
energized
Sequenced right-angle headers available for "make-first/break-last" 
applications 
ACTION PIN press-fit contacts on both headers and receptacle 
Contacts designed for up to 250 mating cycles
Recognized to U.S. and Canadian requirements under the Component
Recognition Program of Underwriters Laboratories Inc.
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Backplane ConnectorsBackplane Backplane ConnectorsConnectors
Type C and Enhanced Type C Assemblies

Minimum adjacent mounting space required:
12.7 [.500]
Current Rating:
Per DIN 41612*
Voltage Rating:
250 VAC
Dielectric Rating:
1000 VAC
Contact Resistance:
15 milliohms initial at 100 ma and 50 mv, open circuit
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FE Card PinoutFE Card FE Card PinoutPinout
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Backplane Stack-upBackplane Backplane StackStack--upup

12 mils FR4 Material

12 mils FR4 Material

12 mils FR4 Material

12 mils FR4 Material

12 mils FR4 Material

12 mils FR4 Material

Top Signal Layer - 1oz Cu

GND - 2 oz Cu

CLOCK1 - 1 oz Cu - Trace Width 7 mils

CLOCK2 - 1 oz Cu - Trace Width 7 mils

V3 - 2 oz Cu

V1 - 2 oz Cu

V2 - 2 oz Cu

CONTROL1 - 1 oz Cu - Trace Width 7 mils

CONTROL2 - 1 oz Cu - Trace Width 7 mils

Bottom Signal Layer - 1oz Cu

~.125

100 ohm differential
impedance

100 ohm differential
impedance

GND - 2 oz Cu

GND - 2 oz Cu

Shield GND

Shield GND
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Readout Module 
Overview

Readout Module Readout Module 
OverviewOverview
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FRONT END
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12 COAX
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12 COAX

12 COAX
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RM-19 Plan ViewRMRM--19 Plan View19 Plan View

10.7630 [273.38]

3.5039 [89.00]
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RM19  Sidewall removedRM19  Sidewall removedRM19  Sidewall removed
• The readout module (RM) integrates the HPD, front end 

electronics, and digital optical drivers.

Electronics cards

HPD Mount
HV

Interface 
Card

Optical 
Sorter
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RM19 Rear and Front 
Views

RM19 Rear and Front RM19 Rear and Front 
ViewsViews
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RM-73RMRM--7373

11.385 [289 .19 ]

0.630 [16.00]

10.888 [276.55]

11.677 [29 6.60]

3.422 [86.9 1]

4.019  [102.09 ]

7.441 [189 .00]
2.559  [65.00]

0.9 54 [24.24]

0.250 [6.35]
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ODU Construction - ‘01ODU Construction ODU Construction -- ‘01‘01
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Tube Fabrication by DDelft EElectronic PProducts (Netherlands)
Subcontracts: Canberra (Belgium)   22% for diodes

Schott Glass (USA)   8% for fiber optic windows
Kyocera (Japan) 4% for vacuum feedthru/ceramic carrier

19 x 5.5mm 73 x 2.75mm

CMS  Design

•12 kV across 3.5 mm gap with Vth < 3 kV  => Gain of 2500

•Silicon PIN diode array, T-type 

•Thin (200 µm) with  100 V reverse bias for fast charge (holes) collection 

The Hybrid Photodiode 
(HPD)

The Hybrid Photodiode The Hybrid Photodiode 
(HPD)(HPD)
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HPD Interface BoardHPD Interface BoardHPD Interface Board
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Signal Cable Candidate(1)Signal Cable Candidate(1)Signal Cable Candidate(1)
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Signal Cable Candidate(2)Signal Cable Candidate(2)Signal Cable Candidate(2)

GET CABLE/CONNECTOR SPECS



CMS Electronics Week – May 18, 2001 Electronics    30

H

C

A

L

T. Shaw

Block Diagram of FE CardBlock Diagram of FE CardBlock Diagram of FE Card

QIE

QIE

QIE

QIE

QIE

QIE

CCA

CCA

CCA

GOL

GOL

GOL

From
HPD

Voltage
Regulators(3)
+5 V analog
+5 V digital

+3.3 V

CLOCK
CONTROL

BACKPLANE
SIGNALS
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FE ChannelsFE ChannelsFE Channels

Channel
Control

ASIC

Exponent(1:0)
CapID(1:0)

Mantissa(4:0)

800 Mbit/s
Serializer VCSEL

CMS QIE

Exponent(1:0)
CapID(1:0)

Mantissa(4:0)

Clock
Reset
Pedestal(3:0)

Test Pulse

Test Pulse
Clock
Reset
Pedestal(3:0)

Data(15:0)

Clock

Control

Serial Control Bus

Global Reset
Bunch Crossing Zero
40 MHz ClockSPLITTER

INTEGRATOR

ENCODER

FADC

CMS QIE

CMS QIE Solution
T. Shaw
5/18/00



CMS Electronics Week – May 18, 2001 Electronics    32

H

C

A

L

T. Shaw

QIE DescriptionQIE DescriptionQIE Description

QIE
Charge Integrator Encoder
4 stage pipelined device (25ns per stage)

charge collection
settling
readout
reset

Inverting (HPDs) and Non-inverting (PMTs) Inputs
Internal non-linear Flash ADC
Outputs

5 bit mantissa
2 bit range exponent
2 bit Cap ID
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QIE SpecificationQIE SpecificationQIE Specification

QIE Design Specifications
• Clock > 40 MHz
• Must have inverting and non-inverting inputs
• Charge sensitivity of lowest range – 1fC/LSB

• In Calibration Mode 1/3 fC/LSB
• Maximum Charge – 9670 fC/25ns
• 4500 electrons rms noise
• FADC Differential Non-Linearity < .05 LSBs
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QIE Functional Block 
Diagram – Top Level
QIE Functional Block QIE Functional Block 
Diagram Diagram –– Top LevelTop Level
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FLASH ADC QuantizationFLASH ADC QuantizationFLASH ADC Quantization
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QIE StatusQIE StatusQIE Status

QIE ASIC
• Current splitter design submitted and tested
• Input amplifier with polarity and gain adjust submitted and tested
• Non-linear Flash ADC design submitted and tested
• Full design submitted – back mid to late June ‘01

HCAL/QIE FADC INL
(Analogue setup with manual measurements)
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QIE ScheduleQIE ScheduleQIE Schedule
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Channel Control ASICChannel Control ASICChannel Control ASIC
The CCA provides the following functions:

•The processing and synchronization of data from two QIEs, 
•The provision of phase-adjusted QIE clocking signals to run 

the QIE charge integrator and Flash ADC,
•Checking of the accuracy of the Capacitor IDs,  the Cap IDs 

from different QIEs should be in synchronization,
•The ability to force the QIE to use a given range,
•The ability to set Pedestal DAC values, 
•The ability to issue a test pulse trigger,
•The provision of event synchronization checks – a crossing 

counter will be implemented and checked for accuracy with 
every beam turn marker,

•The ability to send a known pattern to the serial optic link, 
•The ability to “reset” the QIE at a known and determined time, 
•And, the ability to send and report on any detected errors at a 

known and determined time.
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CCA StatusCCA StatusCCA Status

Channel Control ASIC
• DLL for timing control submitted and tested
• 1ns multiplexer design submitted and tested
• Serial Interface design submitted and tested
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CCA ScheduleCCA ScheduleCCA Schedule
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QIE/CCA 
Process Reliability

QIE/CCA QIE/CCA 
Process ReliabilityProcess Reliability

AMS 0.8u BiCMOS Process (QIE)
Early Failure rate 0.05 - 0.2%; can be reduced to a 
few ppm by burn-in

Predicted MTTF (25 sqmm, 55 C) is 1.67E8 hours

Expect less than 1 QIE failure per year

HP/Agilent 0.5u CMOS
Well established Commercial Process
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GOL Design 
Specifications
GOL Design GOL Design 

SpecificationsSpecifications

Synchronous (constant latency)
Transmission speed

• fast: 1.6 Gbps , 32 bit data input @ 40 MHz
• slow: 0.8 Gbps , 16 bit data input @ 40 MHz

Two encoding schemes
• G-Link 
• Fiber channel (8B/10B)

Interfaces for control and status registers
• I2C
• JTAG
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Gigabit link (G-Link, 8B/10B 
optional)

Gigabit link (GGigabit link (G--Link, 8B/10B Link, 8B/10B 
optional)optional)

Serializer Laser
Driver

G-Link
Encoder

PLL

Data
Interface

Control &  
Status 

Registers

I2C

JTAG

Clk40

Data[31:0] 32 16 20
(0.8 Gbps)
1.6 Gbps

Laser diode

(15)
G-Link

Encoder
8B/10B

50 Ω
Line 

Driver

Out+

Out-
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GOL Radiation hardnessGOL Radiation hardnessGOL Radiation hardness

Deep submicron (0.25 um) CMOS
Enclosed CMOS transistors

Triple voting in state machines
Up-sizing of PLL components
Auto-error correction in Config. registers
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GOL StatusGOL StatusGOL Status
• Bit error rate test in the 800Mbit/s G-Link mode: 

20 hours error free transmission (external laser 
driver).

• Bit error rate test in the 1.6Gbit/s 8B/10B mode: 
13 hours error free transmission (external laser 
driver).

• I2C interface successfully tested.
• JTAG interface successfully tested.

• Need to understand and fix jitter problem on 
internal laser driver.  This will be fixed in the next 
submission (April ’01). 
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VCSEL SelectionVCSEL SelectionVCSEL Selection
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VCSEL MechanicsVCSEL MechanicsVCSEL Mechanics
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Rad Tolerant Voltage 
Regulator

Rad Tolerant Voltage Rad Tolerant Voltage 
RegulatorRegulator

Developed by ST Microelectronics
Specified by CERN RD49
Shown to be Rad Hard
Presently fixing overvoltage protection
Prepreduction parts due June 2001
Production parts late 2001??
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Readout Card DimensionReadout Card DimensionReadout Card Dimension

4.7244
(120.000)

3.2677
(83.000)

0.110
(2.794)

0.1087
(2.760)
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FE Card Component AreaFE Card Component AreaFE Card Component Area

CMS
QIE

CMS
QIE

CMS
QIE

CLOCK
FILTER

CCA

CCA
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SERIALIZER

SERIALIZER

SERIALIZER

CMS
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CMS
QIE

CMS
QIE

Voltage
Regulator

Voltage
Regulator

V
C

S
E

L

V
C

S
E

L

V
C

S
E

L
Voltage

Regulator
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Readout Card 
Component Height

Readout Card Readout Card 
Component HeightComponent Height

BOARD - 1.6 mm
(.063")

TOP COMPONENTS
3.7mm (Voltage Regulator)

(.146")

BOTTOM COMPONENTS  3.0 mm
(.118")

FOAM 1.27 mm
(.050")

FOAM 1.27 mm
(.050")

Aluminum 3.175 mm
(.125")

1.6 cm

Goal is 1.6 cm stack

Geometric Space For Components

6.5mm
(ECAL

VCSEL)
(.260")
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Plan for FE/HTR 
Integration

Plan for FE/HTR Plan for FE/HTR 
IntegrationIntegration
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SummarySummarySummary

FE/DAQ integration planned for this fall
• 2 channel FE card

• 2 QIEs
• Commercial G-Link (@800 Mb/s)

• 6U HTR card
• 9U DCC module

Next – ready for summer 2002 test beam
• 6 channel FE card

• 6 QIEs
• Rad hard Voltage Regulator
• GOL (8B/10B Encoding @1.6Gb/s)
• Custom VCSEL package
• CCA


